We demonstrate the formation of composite fermions in two-dimensional quantum dots under high magnetic fields. The composite fermion interpre- 
Composite fermions [1] provide simple insight into otherwise intriguing phenomena observed in two-dimensional electron systems (2DES) in high magnetic fields (B). The fractional quantum Hall effect (FQHE) [2] is understood as the integer quantum Hall effect of composite fermions [1] , and the experimental properties of the compressible state at the half-filled Landau level (LL) are explained in terms of a Fermi sea of composite fermions [3] . In earlier studies, the composite fermion (CF) theory has been tested numerically in geometries without edges, to simulate the bulk of a large 2DES, and found to work extremely well [4] . This work investigates its applicability to a two-dimensional quantum dot in high B, containing a few electrons in the presence of a confining potential. The charge density is expected to be non-uniform, the (local) filling factor is not necessarily a useful concept, and it is a priori not obvious that composite fermions should be formed in this system. Two-dimensional semiconductor quantum dots containing a few electrons have recently been realized experimentally, and studied by tunneling [5] , capacitance [6] , and optical [7] spectroscopy. Since these measurements probe the energy levels of the many-body system of interacting electrons, there have been several theoretical studies calculating the eigenspectrum as a function of the confining potential, the number of electrons (N), and the magnetic field (B). It has been found that the system exhibits a rather rich and complex energy spectrum [8] [9] [10] [11] [12] . However, no systematic way of understanding these results exists. This paper shows that the CF theory provides a simple and coherent explanation of a number of qualitative and quantitative features of the numerical results.
Following the usual practice, we consider in our numerical studies a model in which electrons, restricted to two dimensions, are confined by a parabolic potential of the form essentially that of a harmonic oscillator, and can be solved exactly [13] for arbitrary B.
This paper considers the limit of B → ∞, so that the single particle states are labeled by a LL-index n = 0, 1, ... and an angular momentum index l = −n, −n + 1, .... The electrons are fully polarized, and occupy only the lowest LL (LLL). The Coulomb interaction conserves the total angular momentum L = i l i , which will be used to label the many-body eigenstates.
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In the limit B → ∞ the eigenenergies of the many body system conveniently separate into an interaction part, V (L), and a confinement part, 
where Φ L * is the wave function of non-interacting electrons with total angular momentum L * , z j = x j − iy j denotes the position of the jth electron, and P projects the wave function on to the LLL of electrons, as appropriate for B → ∞. The Jastrow factor binds 2m
vortices to each electron of Φ L * to convert it into a composite fermion. We restrict The above discussion shows that the CF theory immdiately identifies the possible ground states out of a large number of available states, and their microscopic structure. Now we come to the relative strengths of various cusps. For non-interacting electrons in the range
, is the same for all cusps, equal to the cyclotron energy. This suggests [3] that all cusps of a given type of composite fermions might be of (roughly) equal size, with the size of the cusp at L defined
We plot in Fig.4 The cusp sizes in Fig.4 are close tohω CF thus determined [18] . Oncehω CF is determined, it is also possible to predict, with some accuracy (which is rather good close to ν = 1), which of the possible ground states is the actual ground state for a given set of parameters, and a phase diagram can be produced. We will not do that here since it has already been done for small systems. Our objective here is to demonstrate that the CF theory is valid; a CF phase diagram for bigger systems (for which exact diagonalization is not possible) can be constructed easily if needed.
We have made above the (lowest-order) approximation of considering strictly noninteracting composite fermions, i.e., we assumed that the Coulomb interaction is completely exhausted in the formation of composite fermions. The residual interaction between composite fermions needs to be considered for a more detailed understanding. As a result of this interaction, the composite fermion states, which are degenerate in the above analysis, will form a band, with the band-width related to the strength of the residual interaction. This is why the the dashed straight lines map on to somewhat curved solid lines in Figs. 1-3 . Also, 6 when the residual interaction is comparable to the quasi-cyclotron energy, which becomes more likely for large m, the composite-fermion description will become less trustworthy, and some of the weaker cusps will be washed out.
This study resolves several previously noted but unexplained features. (i) Earlier, there was no general understanding of the positions or the origin of the cusps. While it was felt that the physics underlying these cusps was similar to that of the fractional quantum Hall effect, no explicit connection had been made (with the exception of Laughlin states [14] ).
The present study shows that the underlying physics of the cusps here is indeed the same; they are also a manifestation of the existence of composite fermions. (ii) It had been noted earlier [8, 9] that a subset of downward cusps appears at an interval of ∆L = N. They appear,
for example, at L = 3, 6, 9 for N = 3 and L = 6, 10, 14, 18 for N = 4. has not proven useful for other FQHE states, despite several attempts (see, e.g., [9, 17] [16] Not all downward cusp states become ground states. For example, the states at L =27 and 33 for six electrons, which correspond to L * = -3 and 3, do not become ground states [10] . In this case, the CF theory provides an interesting explanation. Consider L * = -3. The energy of this state (in the dashed curve) lies above the straight lines joining the two downward cusps on either side, i.e., it would never become the ground state. Same is true for L * = 3. This explanation, however, does not always work.
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